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" ,,, RESUME 
This report covers the activities.through the end 
of the project agreement period that terminated 30 April 1970. 
The last annual report submitted covered the period l July 
1968 - 30 June 1969. A detailed semi-annual report that 
covered the period l July 1969 - 31 December 1969 was submitted 
in early February 1970. Therefore, only the last four months 
of the project period have not been covered by previous reports. 
The information presented here is b_ased on jellyfish 
research conducted at the Virginia Institute of Marine Science ,. 
,t.' 
during· the interval ·between l January 1970 and.31 March 1970. 
This report outlines the progress achieved in various biochemical, 
developmental, ecological, physiological, and taxonomic studies 
on scyphozoan polyps and medusae. 
A considerable amount of the jellyfish research at 
VIMS this quarter has been based on Cyanea capillata since this 
is the only scyphomedusa present in Chesapeake Bay during mid-. 
and late winter. However, studies on Aurelia aurita and Chrysaora 
quinquecirrha have continued, utilizing laboratory cultures of 
polyps, and frozen material collected duTing the summer of 1969. 
' Studies carried out in each phase of the program are summarized 
below. Detailed reports are given in the following pages under 
the appropriate sectiona.l headings. 
I. Ecological Phase 
During the pres~nt quarter the primary goal of this 





of. the sessile stages of scyphozoans. No.· set occurred on any 
of the shells exposed'in wire bags, and no new set of larval 
cysts was observed on any of the other examined substrate. 
c. quinquecirrha podocysts were the predominant sessile 
scyphozoan stage on bottom shells except off Cherry Point 
(Rappahannock River mouth) where polyps_, podocysts and old 
larval cysts of c. capillata only were found. Although C. 
quinquecirrha scyphistomae were collected during winter 1970, 
the podocysts of this species were more common in our samples 
and evidently represent the predominant overwintering stage. 
All examined polyps of _Q. quinquecirrha appeared emaciated. 
In the York River, medusae of C. capillata were often 
observed in abundance, particularly during February and March. 
In contrast, relatively few were observed in the Rappahannock 
and James rivers. Whether the medusae of C~· capillata found in 
the tributaries originate there or are carried in from the_bay 
has not been definitely establisheq. Sessile stages of this 
species were found in all the major tributaries along the western 
bay shore and in one creek on the eastern bay shore. In the bay, 
large populations of polyps and podocysts were found only at 
the mouths of the Rappahannock and York rivers. 
II. Taxonomic Phase 
The role of this phase is to determine ways of 
specifically identifying stages in the life history of jelly-




Studies on scyphozoan nematocysts as a taxonomic tool 
were continued from the previous quarter. A number of nomenclatural 
changes have been made since the last report. Ra_ther than being 
recognized as a distinct·nematocyst category, the atrichous 
polyspiras merit recognition only as a subcategory of atrichous 
isorhizas. The designation nan atrich has been adopted to 
distinguish the typical atrichous isorhizas of the polyp from 
the polyspira. A third type of atrichous isorhiza, designated 
as an 11A11 atrich, occurs in ephyrae and medusae. Finally, the 
characteristic nematocyst of the polyp of£· capillata is now 
known to have a greater affinity with the 11a 11 atrich than with 
the polyspira~ Since it is distinct.in the shape of its capsule, 
the designation 11.l11 atrich has been proposed to distinguish this 
variety from the others. 
The development of!· aurita and C. quinquecirrha from 
the newly liberated ephyra to the medusa stage was accomplished 
in the laboratory. From the resul\s the two species can be 
morphologically distinguished at any stage of development. 
· A bibliography of scyphozoan literature was completed. 
Copies are available from VIMS. 
III. Biochemical and Developmental Phases 
In biochemical studies during the last three months 
emphasis has been placed on the lipids. A new lyophilizer now 
in use has increased the quantity of freeze-dryed material available 
for study by about one order of magnitude. The lipid extract 
from c. quinquecirrha was subjected to column chromatography, and 
-) 
5 
the effluent from the colurrm was divided into 20 lipid fractions 
using TLC (thin layer chromatography). Some of the fractions 
were tentatively identified in the previous report. The identity 
of several fractions has now been reasonably well established. 
' 
The level of cholesterol is surprisingly high.in 
C. quinquecirrha, amounting to approximately 50% of the non-polar 
or non-phospholipid portion of the lipids. All of the tissue 
examined in medusae of this species, including tentacles, gonads 
and oral arms, contained substantial levels of cholesterol. Its 
function in the animal is as yet undetermined. In A. aurita, 
ti:ie percent of total lipid, and of cholesterol in particular, is 
lower. than in£· quinquecirrha. I• ,l,.• 
Preliminary data indicate that the dry weight of C. 
quinquecirrha decreases as the season progresses, but the results 
need confirmation. 
One of the prinqipal goals of the VIMS jellyfish pro-· 
gram is to determine the role of iodide in the critical process 
of strobilation. Recently some preliminary but interesting 
data have been collected in this line of research. In experiments 
to determine whether continuous presence of iodide was necessary 
for strobilation in A. aurita, removal of external iodide before 
strobilation resulted in a considerable reduction in the percentage .. 
of polyps that strobilate. The process was actually reversed in 
those that had already commenced strobilation. This suggests that 
for strobilation to occur normally in A. aurita, external iodide 
t -
is necessary throughout the process. 
The uptake and ?inding of iodide was also studied in 




these stages was found to be approximately proportional 'lD the 
external iodide concentration. Later, using iodide as KI containing 
r131 , both uptake and binding per mg total protein was determined 
for the scyphistoma, prestrobila, early strobila, mid-strobila, 
late strobila, ephyra, and post-strobila stages. Both uptake 
and binding per mg total protein varied considerably among the 
batches of polyps. Uptake and binding of iodide was typically 
higher in strobilae thqn in scyphistomae, but there was no 
characteristic level for a given stage of strobilation. 
IV Physiological Phase 
The effects of various salinity and ;temperature combinations 
,1 •. 
on the survival and development of planulae and polyps have been 
continued under co.ntrolled environmental conditions. As a 
result, the salinity-temperature tolerances of polyps, and optimal 
conditions for their maintenance, have been more precisely 
established. In addition, the effects of salinity and rising. 
temperature on the excystment of C. quinquecirrha podocysts were 
determined. Excystment occurred at temperatures of 15 to ?O C 
in salinities of 10 to 35%o. Strobilation began at temperatures 
of 20 to 25 C. 
In other studies, preliminary data .indicate that 
scyphistomae of C. quinquecirrha contain about 0.06 ug of iodine 
per polyp, whereas those of A, aurita contain less than Q.002 ug 
of iodine per polyp. Analyses have also been conducted to 
determine the free amino acids in gonadal tissue of C. capillata, 





Dexter -8. Haven 
Reinaldo Morales-Alamo 
Most of the effort in this part of VIMS jellyfish 
investigations was devoted to collection.and examination of bottom 
shells from the lower Chesapeake Bay and its tributaries. We 
also continued to monitor the setting of jellyfish larvae on 
shells in suspended wire bags and the presence and relative 
abundance of medusae. 
The winter survey of bottom substrate has been completed. 
Monitoring of larvae setting will be continued until the end of 
the Cyanea setting season. 
I. Setting of jellyfish larvae on oyster shells in wire bags. 
Wire bags holding oyster shells were suspended at 2l 
stations to monitor the set of jellyfish larvae during winter 
and spring. Most of the stations (10) were located in the 
Rappahannock River. Three stations were maintained in the York 
River, two in the eastern shore of the Chesapeake Bay, and one 
each in the·Great Wicomico and Piankatank rivers and in Wilson 
Creek. 
Many of the bags had been submerged since September 
1969, while others were se.t out for the first time in December 
l969. Shells in the bags that had been.exposed since September 
8 
were heavily fouled when replaced and no jellyfish polyps or 
cysts were found on them except at Gloucester Point where eight 
Chrysaora podocysts were found. 
Beginning in Jctnuary l970, shellbags were replaced 
and examined·at intervals varying between 10 and 36 days (Table l). 
No set was recorded through March 3l at any of the stations. 
Temperatures were below 10° C ~uring the period (Table 7) 
and apparently were too low for successful development and set of 
Cyanea larvae. Last winter Cyanea larvae set at several stations 
· at temperatures ranging between 17 ° and 22·° C. 
Planula-bearing medusae were first observed around the 
middle of March, and with temperatures now rising steadily, set 
of Cyanea larvae should begin soon. 
II. Abundance of volyps and cysts on bottom shells. 
Survey of bottom shell substrate for the winter of 
l969-1970 was accomplished between 5 January and 25 March. A 
total of 130 samples were collected by tonging or dredging from 
68 stations in the lower Chesapeake Bay. Results are summarized 
in Table 2. 
This winter we utilized Dr. Calder's technique for 
identification of polyp species based on nematocyst types. As 
many polyps as possible were removed from the shells and examined 
under high magnification after having been compressed between a 
slide and cover slip. There was no difficulty in establishing 
polyp identity by this"technique. 
There was a marked difference in the activity and 
tissue consistency of Chrysaora and Cyanea polyps. Cyanea 
polyps looked healthy, their tentacles were extended and .their 
';J . 
tissues were much firmer than in Chrysaora polyps. In contrast, 
Chrysaora polyps had a flaccid appearance, were not active, 
and the tentacles were completely retracted into the body. Their 
tissues were very soft and had an oozy consistency and were very 
easily torn up in handling with dissection needles. Because of 
this, Chrysaora polyps were frequently lost in the process of 
removal from the shells and this was the major reason why the 
number of polyps identified in most samples is smaller than that 
counted on the shells (Table 3). 
With few exceptions, Chrysaora podocysts were the most 
abundant jellyfish sedentary stage found. As was the case in 
the 1968-1969 winter samples, their number was,.:substantially 
greater than the number of polyps. The major exception to this 
relationship was the station off Cherry Point in the Chesapeake 
Bay where only Cyanea polyps and cysts were found; there, polyps 
were over two times more abundant than podocysts and a significant 
number of larval cysts was found . 
. Chrysaora polyps were present at most of the stations 
where Chrysaora podocysts were found, and although fewer than the 
latter, the numbers found are not altogether insignificant. 
Chrysaora polyps also survived through winter temperatures in 
running water in our laboratory. This suggests that a substantial 
' number of Chrysaora polyps may survive in that form through the 
the winter in the lower Chesapeake Bay tributaries. However, 
the data show that overwintering is accomplished mainly in the 
podocyst stage. 
No polyps or podocysts were found at 17 of the 68 
stations: Great Wicomico River--off Warehouse Cr~ek; Rappahannock 
-; 
10 
River--Parrots Island; Mobjack Bay--Bayshore Point and Can 3; 
York River--Bell Rock, Roane Point, Green Rock, Ti!Ilberneck Creek, 
Gloucester Point Landing and Ellen Island; James River--Hampton 
Bar; Eastern Shore of Chesapeake Bay--Hungar, Kings and Old 
Plantation Creeks; and Chesapeake Bay proper--York Spit and 
Willoughby Bank. Four larval cysts were found at York Spit. 
The absence of polyps or cysts at most of these stations 
may be attributed to ch~nce in sampling. However, we have not 
found any after several samplings at Bayshore Point, Gree:r:i Rock, 
Hampton Flats, Hampton Bar, Willoughby Bank, and Hungar, Kings 
and Old Plantation Creeks. We have had difficulty securing 
,. 
unquestionably suitable substrate for larvae to set on at the 
latter two stations. This has not been the.case at the other; 
however, at Green Rock, Hampton Flats, Hampton Bar and Willoughby 
Bank, most of the shells have been old and heavily bored by 
sponges and this might be a factor in the failure of larvae to 
set on them. The shells at Bayshore have always had the 
appearance of being suitable for a set and the absence of polyps 
or cysts must be due to some other factor. Nevertheless, sampling 
chance remains a very likely explanation. 
Cyanea polyps were found at 10 stations representing all 
the major tributaries on the western shore of the lower Chesapeake 
Bay except the James River, one creek on the eastern shore and the 
bay proper (Table 3). Only on the two stations in the Bay proper 
was there evidence of a thriving Cyanea·popula'tion: 42 polyps and 
23 larval cysts at Tue Marsh and 266 polyps, 116 podocysts and 
64 larval cysts off Cherry Point (mouth of Rappahannock River). 
ll 
Very few polyps were found at,the other stations. 
Cyanea larval cysts-were found at 10 stations representing 
all major tributaries on the ·western shore of the lower Chesapeake 
Bay and the bay proper. In most cases the number was small. How-
ever, the 85 found at Dixie in the Piankatank River and _the 34 
found in Back Creek represent a set comparable to that found at 
Tue Marsh and off Cherry Point. Most of the larval cysts were 
brownish, indicating they were nold,n i.e., last year.ts set. 
The data collected by us so far suggest that the 
populations of Cyanea medusae in the tributaries of the Chesa-
p~ake Bay may originate within the tributaries themselves. How-
ever, they have failed to supply us with overw~elming evidence 
to that effect and such a possibility remains questionable. The 
shells in the sample collected at Tue Marsh and off Cherry Point 
in the bay proper supported what we have described above as i:hriving 
populations of Cyanea polyps. Presence of such populations there, 
combined with their absence elsewhere, suggests that czanea polyp 
populations large enough to give rise to the numbers of medusae 
found in the tributaries may be limited to the Chesapeake Bay 
proper. This point, however, must receive more careful considera-
. tion before a final conclusion is reached. 
.. A summary of the 15 stations with the· highest mean 
number per shell of polyps (both species combined) and of Chrysaora 
podocysts is shown in Table 4. The outstanding feature of this 
table is''that most of the stations included are from the Great ., 
Wicomico, Rappahannock and Piankatank rive~s. The list for mean 
number.of polyps includes. only two stations from the York River 
._.,, ... ,::·-.:, ...... , 
, ..... :,, .. ·:,·.' 
..L.~ . 
and one from the James besides the two from the Chesapeake Bay 
with Cyanea polyps only. Likewise, the list for mean number of 
Chrysaora podocysts includes.only two stations from the York 
River, one from the James and one from a sm~ller tributary of 
the bay (Back Creek). 
Although several of the stations that appeared in similar 
~ lists for the winter of 1968-1969 and the summer of 1969 were 
not sampled this winter, this arrangement of the data suggests 
that Chrysaora polyps and cysts are distributed more widely 
and perhaps more abundantly in the Great Wicomico, Rappahannock 
and Piankatank rivers than in other tributaries of the Virginia 
section of the Chesapeake Bay. .. 
,l .. • 
While deriving this suggestion from our data, we 
emphasize that sampling of the bottom shells at the diffe~ent 
stations has an important bearing on the results obtained not 
only due to chance but also to the availability of shell substrate 
adequate for setting of jellyfish larvae and the physical and 
chemical environment in the particular location sampled. 
III. Seasonal distribution and abundance of medusae. 
Survey of the York River waters around the VIMS pier at 
Gloucester Point to monitor the presence or absence of medusae 
was continued. Counts were made once a day on weekdays, usually 
between 1230 and 1430 hours. Average counts for five-day weekly 
periods are summarized in Table 5. 
"No medusae were seen from the time Chrysaora and Aurelia 
disappeared in August untii late December .. The first Cyanea 
medusae observed from the JIMS piers appeared on 30 December when 
16 were counted; these ranged in size between 3/4 to 1-1/2n. 
13 
Smaller medusae may have been around earlier and it is possible 
that we didn't notice them because of their .small size. 
Following first observation of medusae in December, 
they were seen only sporadically until the beginning of February. 
Since then, they have been present consistently in the area--
in very great numbers at times. The number seen showed much 
variation from day to day; the largest number recorded so far 
was 1500 on 17 February but on several occasions none or very 
few were seen. The daily counts were combined for five-day periods 
to minimize the effect of these variations: 
Although the figures in Table 5 appear to suggest a 
decline in the number of medusae ·after 26 February, it really 
hasn't been so. The figures for March are lower because inter-
mittent bad weather with strong winds caused even greater variations 
in the daily counts. Cyanea medusae were consistently abundant 
in this area through the end of March. 
We resumed our regular fi~ld activities early in 
December and continued to monitor the presence or absence of 
medusae in the water at the stations visited. Table 6 summarizes 
the counts recorded between December 1969 and March 1970. 
The first Cyanea medusae observed were found in 
the Rappahannock River on 12 December; they were seen in considerable 
numbers off Broad Creek near the mouth of the river and in the 
Corrotoman River. Off Broad Creek we counted 45 (size range: 
1-2 inches) from the moying boat and collected 56 more in a 
plankton net. Those in the net ranged from 1/8 to l inch in 
bell diameter. 
14 
Many of the field. 9tations were visited only once 
and sometimes there was a lag of two to four weeks between the 
time counts were made at stations in one river and the time they 
were made at oth~rs (i.e., Bell Rock in York on 9 February, Roane 
Point in Piankatank on 4 March). However, counts were made 
several times between December and March at many of the stations. 
Cyanea medusae were relatively abundant through February 
and March at Glebe Point in the Great Wicomico River, at Dixie 
in the Piankatank River and in the York River between Pages 
Rock and the mouth (off the Thoroughfare). The observations 
at Gloucester Point and nearby Tillages Ground match those made 
from the VIMS pier. No medusae were seen in .,the upper James 
River during single observations in January, February and March. 
Very few were seen in the lower part of the river during single 
observations in March. 
Although more observations on a more regular basis 
were made in the Rappahannock Ri~er, very few jellyfish were 
seen in the period from December through March. Except for the 
first observation off Broad Creek on 12 December when 45 were· counted 
and the one for 17 March at West.Point when 68 were recorded, 
Cyanea medusae have been almost completely absent from the 
Rappahannock. The possibility exists that merely by chance we 
~ . 
happened to make our observations at the nwrong timen every 
time; this is improbable. The data strongly indicate that 
unknown factors have kept Cyanea medusae populations unusually 
low in the Rappahannock ·this winter. 
lS 
IV. Temperature and salinity. 
Temperature and salinity data corresponding to sampling 
· dates for the period January through March 1970 appear in Table 7. 
l6 
Table l 
Number of jellyfish polyps and cysts on oyster shells in suspended 
wire bags, October 1969-March 1970 
·uo; No, 
Date Days Shells No. No, 
River and Station Collected Exposed Examined Polyps Cysts 
Great Wicomico 
""cuebe Point 20 Jan 125 8 0 0 
11 Feb 22 10 
6 Mar 24 10 
24 Mar 19 10 
Raeeahannock 
Totuskey Creek 12 Dec Bag set out 
24 Feb 62 10 
23 Mar 28 10 
~ Bowlers Rock 11 Dec 86 10 
24 Feb lost 
23 Mar 27 10 
Morattico 12 Dec Bag set out 
24 Feb 62 10 
9 Mar 14 10 
23 Mar 15 10 
Lancaster Creek 12 Dec Bag set out 
28 Jan 47 10 
24 Feb 28 10 
9 Mar ·14 10 
23 Mar 15 10 
Opp. Smoky Point 12 Dec 87 10 
Robinson Creek 15 Dec 87 10 
13 Jan 29 10 
29 Jan 16 10 
27 Feb 30 
:r'.·. 
10 
17 Mar 18 10 
Urbanna 12 Dec Bag set out 
13 Jan· 29 10 
29 Jan lost 
17 Mar lost 
8 Apr 22 10 
Corrotoman P...iver 
West Point 12 Dec 87 10 
18 Feb 68 10 
17 Mar 28 ·10 
·26 Mar 10 10 
Corrotoman Point · 12 Dec Bag set out 
18 Feb 68 10 
17 Mar 28 10 
26 Mar. lO 10 
Off Broad Creek 12-Dec Bag set out 
29 Jan 48 10 
18 Feb 21 10 
17 Mar 28 10 
26 Mar 10 10 
Broad Creek 12 Dec 87 10 
29 Jan 48 10 
18 Feb 21 10 
17 Mar 28 10 
26 Mar 10 10 
Pianka tank 
Dixie 20 jan 125 10 
11 Feb 23 10 
6 Mar 24 10 
24 Mar 19 10 
Ware .. "-wilson Creek 6 Mar 179 10 
24 Mar 19 10 
York 
~ges Rock 18 Dec 118 10 
16 Feb lost 
16 Mar 29 10 
·\ Gloucester Point 21 Oct 43 .10 0 8 
19 Dec 59 '.10 0 0 
15 Jan 27 10. 
20 Feb 36 10 
--/ 16 Mar 24 10 
31 Mar 15 10 
.. 
17 
Table l continued 
No.· No. 
Date Days Shells No. No. 
River and Station Collected Exposed. Examined Polyps · Cysts 
~ (continued) 
VIMS Ferry Pier 7 Oct 147 10 
19 Dec 73 10 
"' 
15 Jan 27 10 
20 Feb 36 10 
16 Mar 24 10 
31 Mar 15 lO 
Off Thoroughfare 19 Dec Bag set out 
25 Feb 68 10 
16 Mar 20 lO 
31 Mar 16 10 
Eastern Shore Baysid_e __ 
Messongo Creek 30 Dec 113 10 
Nandua Creek 30 Dec 113 10 
12 Mar 72 10 
l Apr 20 10 
Kings Creek 30 Dec 113 10 
12 Mar lost 








Number of Polyps and Cysts on Bottom Shells, January-March 1970 
River.and Station 
Great Wicomico 
--=iielow Blackwells Creek 
Glebe Point 
Off Warehouse Creek 
Haynie Point 
Rappahanr,ock 











Drum.11ond s Ground 
Carter Creek 
Parrott Island 
























































































































































































































No. X No. X 
l 0.05. 117 
60 3.00 265 
0 0 
9 0.45 3 
20 1.00 38 
0 60 
0 0 
1 0.05 4 
0 0 
l 0.05 52 
42 2.10 107 
0 63 
0 6 
4 0.10 26 
22 0.73 344 
16 0.40 119 
l 0.03 111 
0 2 
26 1.30 ·90 
22 1.10 584 
8 0.40 54 





























21 1.05 242 12.10 
0 19 
6 . 0.30 575 
0 199 
7 0.17 61 












10 0.50 27 
l 0.05 368 
5 0.25 7 
4 0.10 29 
l 0.05 0 
2 o.os 38 
0 69 
0 0 
0 · 0 
0 0 
0 0 

































































































































































Table 2 continued 
PO!iocysts 
anci 
Date No. No. Polyp§_ Chrl,:'.saora Cvanea Larvalcysts 
No-:----X River Station Collected Sameles Shells No. X .No. X No, 
James (continued)' 
~t of Shoals 6 Jan 1 20 0 0 0 0 
S Feb 1 20 0 0 0 0 
3 Mar 1 20 0 8 o •. 4o 0 0 
Wreck Shoal 6 Jan 1 20 0 0 0 0 
S Feb 1 20 0 59 2.95 0 0 
3 Mar 1 20 0 84 4.20 0 0 
· White Shoals S Feb 1 20 0 62 3.10 0 0 
3 Mar l 20 0 32 1.60 0 1 
Brown Shoal S Feb 1 20 s .0.25 42 2.10 0 0 
3 Mar 1 20 0 37 1.85 0 0 
Nansemond 
Great Shoal 2 Mar 2 40 10 0.25 233 S.82 0 0 
Nansemond Ridge 26 Jan l 20 0 0 0 0 
2 Mar 2 40 0 25 0.62 0 0 
Hampton Flats 2 Mar 2 30 0 0 0 0 
Hampton.River 10 Mar 2 40 0 134 3.35 0 0 
Elizabeth 
Tanner Point 2 Mar 2 40 0 20 o.so 0 0 
Hospital Point 2 Mar 2 40 0 135 3.37 0 0 
Hampton Bar 10 Mar 2 40 0 0 0 0 
Eastern Shore 
Bayside--
Deep Creek 19 Mar 2 40 0 29 0.72 0 0 
Onancock Creek 19 Mar 2 40 l 0.02 31 o. 77 0 0 
Pungoteague Creek 12 Mar 2 40 0 
,. 
so 1.25 0 0 ,1 •. 
Nas~awadox .Creek 12 Mar 2 40 l 0.02 0 ·o 0 
Hungar Creek 12 Mar 3 60 0 0 0 0 
l<:i.ngs Creek 12 Mar 2 26 0 0 0 0 
Old Plantation Creek 19 Mar 2 40 0 0 0 0 
Western Shore of 
. Cilt:::,cspcakc ~-
Back Creek 16 Feb l 20 0 79 3.95 0 34 . 
Chesapeake~ 
Tue Marsh 25 Feb 3 ss 42a 0.76 93b 1.69 0 23 
York Spit 25 Mar 2 30 o. 0 0 4 
Willoughby Bank 10 Mar 2 40 0 0 0 0 
Off ·Cherry Point 4.Mar l 20 266c 13.30 0 116 S.80 64 
a = All Cyanea; only 12 examined for nematocysts but all were close together and resembled ·each other .. 
b = Positive identification based on examination of polyps that excysted from them. 
I 










Identification of polyps based on nematocyst types in 
bottom shell samples collected during winter of 
1969-1970 
River and Station 
Great Wicomico River 
Glebe Point 












Mosquito Point Cove 
· Piankatank River 
Dixie 
· ··-Roane·· Point 
Cape Toon 
York River 











































































































































































List of the fifteen stations showing greatest relative 
abundance of. polyps (Chrysaora and Cyanea· combined) and 
Chrysaora podocysts on bottom shells, Winter 1969~1970. 
Mean number polyps per shell 
-Station River X 
Off Cherry Point CB 13.30* 
Glebe Point GW 3.00 
Morattico Creek R 2.10 
West Point C 1.20 
Mosquito Point Cove R 1.05 
Cape Toon p 0.95 
Tue Marsh CB 0. 76~·~ 
Robinson Creek R 0.54 Key to symbols: 
Below Ferry Point y 0.50 C = Corrotoman River 
Haynie Point GW · 0.45 CB = Chesapeake Bay 
Corrotoman Point C 0.32 GW = Great Wicomico River 
Dixie p ·o.3o N d Nansemond River 
Bowlers Rock R 0.25 p ;· Piankatank River 
Great Shoal N 0.25 R = Rappahannock River 
Tillages Ground y 0.20 Y = York River 
* All Cyanea. 
Mean number podocysts per shell 
-Station River X 
Dixie p 28.75 
Aberdeen Creek y 18.40 
West Point C 17. 0.5 
Glebe Point GW 13.25 
Ginney Point p. 12.44 
· Mosquito Point Cove R 12.10 
Carter Creek R . 6. 80. · Key to symbols: 
Robinson Creek R 6.61 C = Corrotoman River 
Below Blackwell Creek GW 5.85 CBW = Western Shore of 
Great Shoal N 5.82 Chesapeake Bay 
Cape Toon p 5.40 GW = Great Wicomico River 
Morattico Creek R .5.35 N = Nansemond River 
Back Creek CBW 3.95 p = Piankatank River 
Urbanna Creek R 3.70 R = Rappahannock River 
Carter Creek y 3.45 y = York River 





Average numbers of medusae of Cyanea counted on 
weekly 5-day periods at Gloucester Point, Va., 
29 December 1969 to 3 April 1970. 
Size Range of 
Ave. No. Range Daily Modes 
Period Medusae (in.) (in.) 
No medusae seen between 20 August and 29 December 1969 
29 Dec- 2 Jan 8 1-1. 5 l• d .. 1 
5 Jan- 9 Jan 12 0.5-3.5 1 
12 Jan-16 Jan 0 
19 Jan-23 Jan 6 l-4 2.5 
26 Jan-30 Jan 0 
2 Feb- 6 Feb 58 0.5-5 l 
9 Feb-13 Feb 110 0.5-5 l-2.5 
(14 Feb) 212 l-5 2.5 
16 Feb-20 Feb 394 0.5-5 1-2.5 
23 Feb-27 Feb 181 · 1-5 1.5-2 
2 Mar- 6 Mar 84 0.5-5 l-2 
9 Mar-13 Mar 23 ·o. 5-5 2-3 
16 Mar-20 Mar 98 0.5-5 -2-3. 5 
23 Mar-27 Mar 86 l-5 2-3 





Cyanea medusae c~unts i~ low.er Chesapeake Bay stations, 
December 1%9 to March 1970 
(Number observ-ed from. moving: boat in area 1000• long by LC'' wide) 
River and Station 
Great Wicomico 
Glebe Point 

















Mosquito Point Cove 









~a~ons: 4 and 6 
'1,;J'.lson Creek 
No. 













































































































































* Cai.qht 56 mecusae, l/8" to l", in plankton tcw. 






















Deep ~ater Shoal 
Horsehead Rock 










































































































































































Table 6 continued 
River and Station Date 
Western Shore of Ches. ~ Back Creek ~ ~~ 16 Feb 
Poquoson River 18 Dec 
Back River 18 Dec 
Chesapeake~ 
Tue Marsh 5 Jan 
25 Feb 
York Spit 18 Dec 
25 Mar 
Poquoson Flats 18 Dec 
Horseshoe 10 Mar 
Tail of Horseshoe 10 Mar 
Willoughby Bank 10 Mar 





























Temperature and salinity at shellbag and bottom sample stations, 
December 1969-March 1970 
River and Station 
Great Wicomico 
""""1ielow Blackwells Creek 
Glebe Point 



















Mosquito Point Cove 











































































































































































































Table 7 continued 
River and Station 
Ware 
'"""Beacons 4 and 6 

























25 Mar 8.1 
6 Mar 7.2 
24 Mar 10.1 
25 Mar 7.9 
25 Mar 6.9 
9 Feb 3.8 
9 Feb 3.6 
9 Feb .4.0 
10 Feb 4.6 
10 Feb 4.7 
9 Feb 3.6 
16 Mar 6.8 
5 Jan 3.8 
9 Feb 3.5 
16 Feb 4.0 
16 Mar 6.6 
10 Feb 6.3 
10 Feb 3.8 
16 Feb 4.7 
10 Feb 0.6 
16 Jan 0.1 
5 Jan 3.2 
15 Jan 0.8 
20 ~an 3.6 
16 Mar 5.6 
31 Mar 9.0 
16 Feb 3.9 
25 Feb 5.8 
5 Jan 4.8 
16 Feb ,c:·.4.9 
16 Feb 3.5 
2·5 Feb 5.4 
16 Mar· 6.7 
31 Mar 8.3 
Deep Water Shoal · 6 Jan 3.8 
···--·-··- ______________ __5_Fel>. ________ 3.l __ .. 
· 3 Mar 5.8 
Horsehead Rock 6 Jan 3.4 
5 Feb 3.0 
3 Mar 5.8 
Point of Shoals 6 Jan 3 .• 5 
5 Feb 2.9 
-3 Mar 5.8 
Wreck Shoal 6 Jan 3. 4 
5 Feb 2.9 
3 Mar 5.8 
White Shoal 5 Feb 2. 9 
3 Mar 5.8 
Brown Shoal 5 Feb 2. 5 
3 Mar 5:5 
Nansemond River 
Great Shoal 2 Mar 6.8 
Nansemond Ridge 2 Mar 6.5 
Hampton Flats 2 Mar 6.2 
Hampton River 10 Mar 8.0 
Elizabeth River 
Tanner Point 2 Mar 6.4 
Hospital Point 2 Mar 7.9 
Hampton Bar 10 Mar 6.9 
Eastern Shore of Ches. ~ Baysid_e __ - --
Deep Creek 19 Mar 6.8 
Onancock 19 Mar 8.0 
Pungoteague . 12 Mar 8.2 
Nandua 12 Mar 7.9 
Nassawadox 12 Mar 6,3 
Hungar Creek 12 Mar 7.5 
d 
Kings Creek 12 Mar 7.8 
Old Plantation 19 Mar 8.4 
·c 


































































Table 7 continued 
River and Station Date 
' Western Shore of Ches. 




Tue Marsh 5 Jan 
1:."'l 
25 Feb 
York Spit 25 Mar 
Horseshoe 10 Mar 
Tail of Horseshoe 10 Mar 
Willoughby Bank 10 Mar 




































Dale R.. Calder 
During this quarter investigations on nematocysts and their 
utility in identification were continued, and preliminary studies 
were initiated into the. development of Aurelia aurita and Chrysaora 
quinquecirrha in the laboratory. A bibliography of literature 
pertinent to scyphozoan research was completed in cooperation with 




Data were presented previously indicating that the 
scyphistomae of Aurelia aurita, Chrysaora quinquecirrha and 
Cyanea capillata could be distinguished by their nematocysts. 
These studies have been supplemented by new information and 
refined somewhat in light of continued investigations on th.e 
nematocysts and their classification. 
Spangenberg 1 s (1964) atrichous polyspiras are regarded 
here as atrichous isorhizas, and do not merit.recognition as a 
discrete nematocyst category. The. thread.of a polyspira is 
haploneme, isorhizous and atrichous, and as such cannot be recognized 
as distinct from the atrichous isorhiza. However, polyspiras 
warrant recognition as a distinct subcategory of isorhizas since 
















When two varieties of isorhizas were found in scyphomedusae 
by Weill (1934), the designations "an and nA 11 atrichs were used 
to distinguish the two. The atrichous isorhizas discussed in the 
previous report correspond with Weill's 11a 11 atrichs. 
The characteristic nematocyst of C. capillata scyphistomae 
has a greater affinity with the 1~au atrich than with the polyspira, 
since its thread has r~latively few coils. It differs from the 
tran atrich in the morphology of its capsule, be~ng much m9re 
slender. The designation 11£ 11 atrich is proposed here for these 
nematocysts to distinguish them from the na 11 atrichs and polyspiras 
of polyps, and 11 a 11 atrichs and 11A11 atrichs of".inedusae. The 11.c,n 
atrichs are similar to and perh~ps identical with the atrichous 
isorhizas described and figured by Weill (1934) in the staurornedusae 
Haliclystus octoradiatus (=!!· auricula) and· Lucernaria campanulata 
(=Lucernariopsis campanulata). Although distinct in gross morphology, 
the tt.Gt1 atrichs of£· capillata are perhaps homologous to the 
polyspiras of?:_. aurita. Unlike the po2.yspiras, however, 11.G 11 
atrichs occur in the medusa, having been seen on the gastric 
cirri, ora,l arms and tentacles of £_. capillata in the York River, 
Virginia. In the medusa, the tta 11 atrichs and n.c,n atrichs appear 
to intergrade in morphology. 
B. Scyphistomae 
Nematocyst data tabulated in the previous report have 
.. 
been analyzed by the Data Processing Department of VIMS. Analysis 
of variance tests, followed where applicable by multiple range 









size occurred. However, this information has limited taxonomic 
value since an overlap in size was noted for each nematocyst type 
common to the three species. In large polyps of~- aurita the 
11at1 atrichs and euryteles were both significantly shorter in length 
than those of C. quinquecirrha and c. capillata. In polyps of 
C. capillata the euryteles were significantly longer than those 
of A. aurita and£· quinquecirrha in both large and small polyps. 
Nematocysts of£· quinquecirrha appeared to be intermediate in 
size between A. aurita and£· ca~illata in every case, and only 
one nematocyst type was distinct, the rnicrobasic euryteles in 
large polyps. 
'· 
Several polyps of£· quinquecirrha with holotrichous 
isorhizas have recently been observed in the VIMS scyphistomae. 
Spangenberg (1964) reported polyspiras in Dactylometra (= Chrysaora) 
that were described as being larger and more nearly round·than 
those of Aurelia. No further description was given by Spangenberg, 
but the holotrichs are large and nearly spherical, and could 
easily be mistaken for polyspiras under the light microscope. The 
holotrichs do not appear to occur in scyphistomae with any degree 
of consistency. Two possible explanations are currently being 
considered to account for this observation. First, if the 
holotrichs were formed in small numbers by the polyp, regular·feed-
ing might result in the discharge of most or all of these nematocysts, 
accounting for their presence in some polyps and apparent absence 
in others. An experiment is presently in progress to test this 
hypothesis. Secondly, the relative paucity of holotrichs in 
,-) 
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polyps, and the inconsistency with which they occur raises doubts 
whether they are actually formed by the polyp at all. Since all 
the examined polyps were taken from isolated cultures, th·e only 
possible source of contamination is.from ingested ephyrae. Polyps 
are known to ingest ephyrae, and holotrichs are present in these 
organisms. Some animals are known to utilize nematocysts ingested 
from cnidarian prey (Jones, 1963;. Thompson and Bennett, 1969), 
and scyphistomae may incorporate holotrichs into their body wall 
after feeding on ephyrae. Relatively few strobi~ae of~. quinquecirrha. 
are found in the VIMS cultures at any given time, but in the interval 
since August 1969 when these cultures were established sufficient 
numbers of ephyrae may have been produced to aqcount for holotrichs 
being observed in a relatively high percentage of the polyps examined. 
It may be significant that no holotrichs were found in polyps 
from the same cultures when examined during early autumn 1969. 
Further observations are planned for summer 1970 when new. 
cultures of C. quinquecirrha polyps can be established. Assuming 
that holotrichs originate from ingested ephyrae, it is curious that 
another nematocyst found in theephyra but lacking in the polyp 
(nA" atrichs) has not been observed. 
C. Medusae 
Two VIMS graduate students have undertaken projects on 
scyphozoan nematocysts during this quarter. Lynn Haines h~s 
examined the nematocysts in medusae of C. capillata from the 
York River 'and has found three categories, microbasic euryteles, 
atrichous isorhizas, and holotrichous isorhizas. The atrichous 
isorhizas are of three types, "a" atrichs, "An atrichs and n.cn 




considerably from region to. r,egion on the medusa, with euryteles 
predominating on the tentacles and atrichous. isorhizas predominating 
on the oral arms and gastric cirri. Kathleen Harleston has compared 
\. 
the nematocysts of newly liberated ephyrae of!· aurita with those 
of£· quinquecirrha. Her data indicate that the two ca~ be readily 
distinguished on the basis of the cnidome. Both of these projects 
will be reported on fully in a subsequent report. 
II. Life history 
Ephyral development has been observed in the laboratory 
for A. aurita and C. quinquecirrha. Ephyrae were obtained from 
the VIMS scyphistoma cultures. Specimens were placed in stoppered 
Erlerimeyer flasks containing 1000 rril of filtered York River sea-
water diluted to 20%'o salinity, and maintained at room temperature 
(about 20 C). Flasks were secured to a Burrell wrist-action shaker 
and agitated gently. Newly liberated ephyrae were fed Artemia 
nauplii, strained Mnemiopsis, or both. Developing ephyrae and 
_medusae were fed Artemia nauplii. 
A. Aurelia aurita 
'Ille life cycle of this species has been described 
-previously by Spangenberg (1965) in Texas material. Rearing of 
ephyrae was repeated here (1) to outline_ the development of 
Chesapeake -Bay specimens, (2) to determine morphological differences 
that could be used to distinguish this species at any developmental 
stage from other scyphozoans in Chesapeake Bay. 
·nESCRI: PTION 
At liberation (Fig. 1). - newly liberated ephyra about 2.3 mm wide 
from lappet:-tip to lappet-tip, margin with typically 8 
33 
pairs of lappets, each rather blunt at the apex, 8 
rhopalia at the base of ocular clefts extending less 
than half-way along the ephyral .arms, ocular clefts 
typically ,U-shaped, -occasionally wider basally than 
distally. Manubrium quadrate, short, lips undeveloped, 
gastrovascular cavity usually with 4 gastric cirri, 
exumbrella with round, scattered nematocyst clusters, 
mesoglea thin. 
l day - ephyra about 2.8 mm wide, lappets fairly broad, manubrium 
increasing in size . 
. :!: .. days (Fig. 2 )-ephyra about 3. 7 mm wide, nascent lobes appearing 
adradially.as short, tentacle-like p:rojections. 
1 days (Fig. 3)-ephyra about 4.5 mm wide, adradial lobes reaching 
about half-way to the lappet-tips, each radial canal 
with a pair of lateral diverticulae developing at a 
point about 1/4 of the distance from the base of each 
adradial cleft to the manubrium. 
10 days (Fig. 4) - ephyra about 6.0 mm wide, adradial lobes reaching 
nearly to the lappet-tips, adradial clefts filled in 
considerably. 
12 days- complete r i ng canal formed by an anastomosis of the 
• diverticulae of adjacent radial canals. 
14 days (Fig. 5)- medusa about 8 mm wide, nearly hemispherical, 
· mesoglea thick, gastric cirri numerous, adradial clefts 
"nearly obliter~ted, manubrium fairly long, lips beginning 
' 
development, exumbrella with numerous nematocyst batteries. 
16 days.- marginal tentacies appearing on each of the eight adradial 
lobes, oral arms about 1.2 mm long. 
34 · 
17 days:- medusa 9 mm wide, margin nearly entire, true centripetal 
canals present, oral arms 4 mm long. 
20 days (Fig. 6) - medusa 1. 2 cm wide, each octant with about 
8 tentacles, ora.l arms 6 mm long. 
25 days (Fig. 7) - medusa 2.2 cm wide, centripetal canals and oral 
arms well-developed, gastric cirri in 4 U-shaped groups, 
tentacles well-developed, about 20 per octant, velarium 
developed. 
Medusae did not develop well beyond this point, either 
becoming deformed or decreasing somewhat in size. Only one 
medusa was kept longer than 27 days after liberation. 
· 30· days (Fig. 8 ):- medusa 1. 7 cm wide, with 20-30 tentacles per 
octant, velarium well-developed. 
35 days- medusa 2.1 cm wide, little morphological change. 
The remaining medusa became deformed 36 days after 
liberation and was discarded. 
·B. Chrysaora quinquecirrha 
The adult medusa of this species is well-known, having 
been thoroughly described by a number of authors including 
Agassiz (1865), Agassiz and Mayer (1898), Mayer (1910) and 
Stiasny (1919). Although the ephyra has been discussed and illustrated 
a number of times (Mayer, 1910; Littleford, 1938, 1939; Cones 1969), .. 
its development is incompletely known. The development from newly 
liberated ephyra to the medusa stage has been accomplished under 
laboratory conditions and is described here. Observations are 











At liberation (Fig. 9)- newly liberated ephyra about 2 mm wide from 
lappet-tip to lappet-tip, margin with typically 8 pairs 
-
of l~ppets and 8 rhopalia, but fewer or as many as 
12 observed, lappets slender, pointed apically, ocular 
clefts deeply cut, reaching well over half-way along 
the ephyral arms, U-shaped, wider near the lappet-
tips than at the base, manubrium quadrate, gastric cirri 
absent, perradial, interradial .and adradial pouches of 
the gastrovascul~r cavity very broad, exumbrella dott~d 
with nematocyst batteries, mesoglea thin. 
! day - ephyra about 2.5 mm wide. 
l days (Fig. 10 )- ephyra about 3 .. 2 mm wide, lips beginning develop-
ment, nascent primary tentacles appearing at the base 
of the adradial clefts. 
i days- ephyra about 3.6 mm wide, primary tentacles short but 
conspicuous. 
2 days (Fig. ll)- ephyra about 5 mm wide, 4 distinct lips present, 
each somewhat crenulated and capable of moving independently, 
gastric cirri one per quadrant, primary tentacles pro.mi-
nent but not yet reaching the lappet-tips. 
10 days (Fig. 12)- ephyra about 7.5 mm wide, primary tentacles 
reaching well beyond the lappet-tips, additional gastric 
.cirri evident. Mesoglea thicker, lappets broader but 
pointed distally. 
14 days (Fig. 13)- medusa about 9.5 mm wipe, oral arms 4 mm iong, 







20 days (Fig. 14)- medusa 2 cm wide, little distµict morphological 
change, oral arms longer, more frilly, gastric cirri more 
numerous, tentacles longer, adradial clefts less distinct, 
mesoglea thicker. 
25 days - medusa 3.0 cm wide, oral arms very frilly, mesoglea 
fairly thick apically, 16 nascent secondary tentacles 
appearing in the region between primary tentacles and 
rhopalia, marginal lappets 32, subgenital pits 4, well 
developed. Lappets deeply cleft only at the origin of 
the primary tentacles and at the ocular clefts. Rhopalia 
protected by an extension of the exumbrella. 
30 days- medusa 3.3 cm wide, secondary tentacles about 2 mm long, 
marginal lappets turned under, the margin thus being 
wavy with 16 bulges, 4 perradial, 4 interradial, and 8 
adradial, lines radiating inward from each bulge. 
35 days- medusa 3.5 cm w~de, secondary tentacles well-developed. 
·Medusae did not appear to develop well beyond this point, 
a diet of Artemia perhaps being insufficient for proper nutrition. 
However, medusae have been kept alive for two months, reaching a 
·maximum of about 5 cm in diameter.· 
C. · Cyanea capillata 
Studies on the development of ·the ephyra of this species 
have not yet been undertaken since ephyrae from known strobilae 
have been unavailable: 
On 13 March 1970 medusae with planulae were noted in 
the York River for the first time in 1970. Surface water tempera-
ture at the time of collection was 6.5 C. Planulae were isolated 
37 
in covered pr~paration dishes'containing about 600 ml of filtered 
York River seawater of 201oo and maintained in a constant temperature 
cabinet at lO C. By l6 March many of the planulae had formed 
plano-convex cysts,,ranging in size from 0.16-0.24 mm in diameter, 
with a mean of 0.21 mm. On 2l March polyps were beginning to 
,.) emerge from these cysts. On 27 March 24 of 25 polyps examined at 
the early eight-tentacle stage possessed TTJ:. 11 atrichs, indicating 
that these nematocysts appear very early.in the development of 
the polyp. As with the polyspiras of~· aurita, these nematocysts 
increase markedly in abundance as the scyphistomae mature. 
Joanne Lyczkowski, a graduate student at VIMS, has examined 
fully developed medusae to note the variatiorn/.t:hat occur in gross 
morphology of specimens in the York River. The goal of the study 
was to determine whether or not the sexes could be distinguished 
macroscopically. The results of this study will be included in 
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Robert E. L. Black 
Preliminary data have been obtained on iodide uptak~ 
and binding in strobilating and non-strobilating polyps of 
Aurelia. Aurelia was chosen for these studies because it does 
not bind large quantities of iodide to non-cellular materials, 
as does Chrysaora. In addition, we have been able to obtain 
a high degree of synchronization of strobilation in Aurelia, 
,, 
,t .. 
but not in Chrysaora. All the experiments reported below were 
carried out in artificial sea water of 20%o, prepared according 
to Spangenberg (1967). 
In an initial experiment an attempt was made to 
determine whether iodide uptake and binding are proportional to 
external iodide concentration. Low temperature-conditioned polyps, 
held at 15° C for two months, and unconditioned polyps, maintained 
at 25° C, were kept in iodide of concentrations ranging from 10-8 
micromoles per liter to 1.25 micromoles per liter, containing 
0.025 to 1.0 microcuries of rl31, At 2 and 5 days, 5-10 polyps 
were washed in iodide-free sea water, dissolved inl N NaOH and 
counted in a liquid scintillation counter at 50-58% efficiency. 
At the end of 5 days the remaining polyps were fixed and washed 
in 5% trichloroacetic acid, dissolved in NaOH.and counted. The 
first set of measurements indicated total iodide uptake by the 
polyps; the second set made on acid-extracted polyps gave the 
42 
amount of bound iodide. Since the ratio of.radioactive to total 
iodide was kn.own in each case, values could be expressed as 
total iodide. All data were based on total protein in the polyps; 
protein was measured by the method of Lowry, et al. (1951). 
The result of this experiment is presented in Figs. 
la, b. Uptake of iodide by both strobilating and non-strobilating 
polyps is rather proportional to external iodide concentration. 
The polyps apparently do not possess a mechanism for accumulating 
quantities of iodide from the water. In strobilae, binding is 
unaffected by concentrations above 0.3 uM/liter. Both uptake and 
binding in this experiment were found to be higher in strobilae 
than in scyphistomae. . ,. 
~ t • • 
In subsequent experiments, uptake and binding of iodide. 
were studied in polyps incubated in 1.25 uM/liter iodide as KI, 
containing I 131 at 1 uC/ml. Data were again based on total protein. 
Uptake and binding per mg total protein in polyps and strobilae 
at various stages and times of inc~bation are presented in Table 1 . ... ,,· 
The stages of strobilation were defined as follows: prestrobila; 
having an obvious indentation, but not a deep cleft, at the base 
of the tentacles; early strobila: with 1 or 2 constrictions, still 
..,.,.1_ ... 
possessing feeding tentacles; mid-strobila: with 3-5 constrictions; 
feeding tentacles reduced or absent; :ate strobila; with no feeding 
' 
tentacles, and with pigmented, pulsating ephyrae. 
·, Both uptake and binding per mg protein are highly variable 
in different batches of·polyps (Table 1). In gerierai, uptake and 
binding are considerably greater for strobilating stages than for 
non-strobilating polyps. However, there appears to be no 
characteristic quantity of iodide taken up or bound for a given 
stage of strobilation. Indeed, in strobilating polyps the total 
-) 
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length of time of incubation in iodide appears to be more important 
than the stage of strobilation in determining the amount of iodide 
taken up or bound. Uptake and binding by newly-released ephyrae 
and by polyps which have·completed strobilation are not greatly 
different. There is evidently no differential binding or uptake 
in the polyp or ephyra portion of a strobila. 
A method has been devised for comparing the relative 
total uptake of iodide of living polyps during incubation in 
iodide. This method eliminates the necessity of basing data on 
· total protein, which may vary during an experiment. Preliminary 
data obtained on strobilating polyps show that the iodide content 
increases steadily until about 3 constrictions'have been formed, 
then levels off during the remainder of strobilation. This method 
and data obtained from its use will be described in the next 
report. 
Preliminary experiments have been run to determine whether 
a polyp requires the continuous pr~sence of iodide for strobilation, 
or whether it can accumulate a sufficient reserve in the early 
stages for the completion of strobilation in the absence of iodide. 
In the experiment two batches of polyps were placed in 0.63 uM/liter 
'iodide. At 24-hour intervals 50 polyps were removed from each 
.batch, washed in iodide-free sea water and cultured without iodide. 
Control batches of 50 polyps were set aside in :iodide from the 
stock batches. All polyps were cultured in 1 ml of water per 
polyp. The results, sµown in Table 2, indicate that removal of 
external iodide before strobilation has begun greatly reduces the 
percentage of polyps which undergo strobilation. In the absence 
-) 
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o~ iodide strobilation may actually be reversed. Under these 
conditions feeding tentacles occasionally deve oped at the base 
.of an attached ephyra, and the ephyra was then "foldedn into the 
interior of the animal. This.process was rather easily observed 
because of the heavy pigmentation of the ephyrae. In other 
polyps strobilation was reversed before ephyrae wer_e formed, with 
the constrictions initially formed simply disappearing. It is' 
concluded that in Aurelia external iodide must be present through-
out strobilation if the process is to occur without abnormalities. 
e_:~~fi;:,," 
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TABLE 1. Uptake and binding of iodide by polyps cultured in 
1.25 uM/liter iodide. Data are expressed as uM iodide 
per mg total protein. 
Days .in BoundJ 
Stage iodide Total uptake Bound % of total 
Polyp, 
·unconditioned 2 4.1 0.02 0.5 
l 4.3 4 40.2 3,3 8.2 
5 6.1 1. 7 27.8 . l 
7 47.1 1.6 3.3 
24.9 
10 17.2 ± 5.6 (5) 15.l ± 8.7 (5) 87.8 
Polyp~ 
conditioned 2 7.8 1.3 16.6 
3.8 
4 31.8 22.2 69.8 
7 97.2 l$-~4 15.8 
Prestrobila 2 24.9 6.4 25.7 
Earl¥ strobila 4 43.7 13.4 30.6 
7 46.5 10.3 22.1 
.10 171.0 + 90 (2) 154.0 ±10 (2)· 90.0 -
Mid-strobila 4 88.3 22 .4. 25 .. 3 
5 ·24. 8 3.3 13.3 
10 203.0 :: 1/ (.2) 66. 5 ±30 (2) 32.8 
Late strobila 5 66.8 ± 8.0 (4) 15.3 ± 6.0 (4) 22.9 
7 80.3 30.4 37.8 
Ephyra 5 93.0 :: 8. 0 (2) 22.6 :: 0.1 (2) 24.2 
8 85.5 ± 5.4 (3) 25.1 + 0.6 (3) 30.0 
9 so.a·± 1.0 (2) 20.7 ± 3.6 (2) 32.2 
Polyp after 
strobilation 9 108.6 22.4 28.6 
10 67.2 36.6 54.4 




TABLE 2. Effects of iodide removal on strobilation. 
Batch A Batch B 
Days required for 100% ' 
strobilation in controls 4 7 
Percent initiating* strobilation 
within 14 days when washed free 
of iodide on: 
day 1 0 0 
day 2 30 4 
day 3 38 10 
d~y 4 22 6 
day 5. 
I· d •. 
10 
*Polyps which initiated strobiiation frequently reversed the process 





Robert W. Schmidt 
Since the last report.the new Virtis lyophilizer has 
made it possible to freeze-dry much larger quantities of jelly-
fish. 224 g of dry Chrysaora, when extracted with ether, 
yielded approximately 1.5 gms of (0.7%) nonpolar lipid. This 
material was separated into its component lipid classes by column 
chromatograph (see previous report for det~ils). 
The effluent from the column was divided.into 20 fractions 
after analysis with TLC. Each of these fractions represents 
. :1: ·. 
a separate class of lipids, or in some cases, single compounds 
with small amounts of impurities. In the previous report some of 
these lipids were tentatively identified, but the amount of 
material was so small as to make these identifications quite 
uncertain. The amounts isolated since then allow some of the 
fractions to be identified rather positively. Table 1 gives the 
weights of the various fractions. The total weight of lipid 
eluted was 726 mg, which represents 93% recovery of the 782 mg 
.Put on the column. The amount.of recovery would have been much 
better if m-)re polar solvents had been used to further elute 
the column. 
The first 18 fractions were subjected to TLC (see 
plates 147 and 149). These show fractions 1, 6,.7, 8, 9, 10, 
14, and 17'with one major component and fractions 2, 3, 4, 5, 11, 
12, 13, 15 and 16 with two or three. The two components of 16 









The IR spectrum of-fraction 1 shows absorption maxima 
at frequencies where hydrocarbons absorb. There is no clear 
evidence for unsaturation from either the IR spectrum or the 
I 2 absorption on th~ thin-layer plates, therefore, the major 
component(s) is a saturated hydrocarbon(s). 
The IR spectrum of fraction 5 is difficult to interpret 
because of the small amount of material present. The absorption 
maxima due to the carbon-carbon and carbo·n-hydrogen groups 
are much more prominent than the one due to the carbonyl group. 
This probably means less carbonyl groups per molecule than 
. triglycerides and therefore fraction 5 could be a wax. The 
I· 
Rf values for waxes tn TCL is compatible with this interpretation. 
The IR spectra of fractions 10, 12, and 14 are all very 
similar with absorption mgxima at the frequencies indicating 
many carbon-hydrogen and carbonyl groups. The characteristic 
absorption of unsaturated carbon groups shows up also. These 
fractions are, therefore, unsaturated triglycerides. Fraction 
12 was in addition, subjected to saponification and gave a product 
whose TLC characteristics and IR spectrum were similar to oleic 
acid but not identical to it. 
The upper co~ponent of fraction 16 has IR and TLC 
character.;i.stics of oleic acid but at this writing one key 
difference has not been resolved, so more work needs to be done. 
It probably is some type of fatty acid, however. 
~e lower component of fraction 16 is almost certainly 
some type of sterol similar to, but different from cholesterol. 




the hydroxy group and carbon-hydrogen region of the spectrum. 
It is precipitated by digitonin and gives a very fast Liebermarm-
Burchard reaction. 
Fraction 17 is largely cholesterol. Its IR spectrum 
is virtually identical with known cholesterol even before 
purification. Digitonin precipitation, several sterol color 
tests, and TLC Rf values in several different solvent systems 
using known cholesterol.as a standard all point to cholesterol 
as the substance. 
Using the data from Table l the percent distribution 
of lipid~ from fraction I (see Table 3) among the various 
,. 
:I•. 
classes are as follows. Hydrocarbons (l & 2) ..:. 2%, waxes, 
esters, and triglycerides (3-14}-20.7% free fatty acids and alcohols 
I 
(15 and 16) - 7.2%, cholesterol and other sterols (17) - 62.6%, 
and diglycerides plus a few other components (18 - 20) - 6.8%. 
Because of the high values obtained for cholesterol 
in our first samples, it was decided to begin quantitative 
studies on the distribution of free cholesterol and 0th.er 
possible sterols in the three species of jellyfish under 
consideration. 
Preliminary work indicated that, of two cholesterol 
methods widely used in recent years, the method of Sperry and 
Webb1 gave the most consistent results. Furthermore, this 
method is considerably more specific for cholesterol and other 
sterols, as it requires a preliminary precipitation of the 
sterols with digitonin and subsequent washing of the precipitate 
I 
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with ether to remove other lipids which might interfere with 
color development by the Liebermann-Burchard reagent. 
The method of lipid extraction used was that of Bligh 
and Dyer2, a method which· extracts all lipids, both polar and 
non polar, from biological materials. We have made two altera-
tions in the method. We use a sheet of filter paper, torn up 
and washed with ether as a filter-aid to-accelerate filtration; 
and we use the entire chloroform phase, removed with the use 
of a separatory funnel, for determination of total lipid, rather 
than an aliquot of that phase. One gram samples of· lyophilized 
material were extracted. The chloroform phase was evaporated 
to dryness in a pre-weighed flask and the tota:)/ lipid determined 
by weighing on a Mettler balance. The extracts were then made 
up to a known volume and an aliquot taken immediately for 
cholesterol determination. All cholesterol determinations 
were done in duplicate. Results are shown in Table 1. 
Free cholesterol was also measured in the four diethyl 
ether extracts of the Ware River male Chrysaora (224 gms.) 
done early in the quarter. 
Following the separation of Fraction I into 20 component 
groups by column chromatography, thin layer chromatography indicated 
that one of the groups (#17) consisted largely of cholesterol· 
and. another (#16) contained one component, thought to be possibly 
a sterol. Free cholesterol was determined in both of these 
groups. Results are shown in Table II. 
Following the techniques of Stahl; a small amount of 
the cholesterol-rich group of Fraction I,.#17, was treated with 
54 
pyridine and acetic anhydride to produce acetates of the sterols 
present. This was then spotted on a silica gel plate which had 
been previously sprayed with silver nitrate and activated for 
30 minutes at ll0°C. This plate was developed twice in the 
solvent system, hexane-chloroform-acetic acid (75/25/0.5). When 
the plate was visualized by spraying with chromic-sulfuric acid 
and heated, seven spots could be seen, suggesting the presence 
of seven different sterol acetates. 
The outstanding feature of the lipid distribution 
is the very large proportion of cholesterol. It is even 
.more striking considering that it is roughly 50% of the non-
polar .or non-phospholipid portion of the lipids'~ Referring 
again to Table 2, it is obvious that all of the Chrysaora tissue 
contains substantial amounts of cholesterol. The highest per-
cent is in the tentacles which is consistent with Burnett's 
(4) work on tentacles and nematocysts of Chrysaora. It is also 
enriched in the gonads which one would suspect of having a high 
lipid content. At this point it is not clear what function 
cholesterol serves in the Chrysaora. If one considers the time· 
of collection it appears that the ratio of both total lipid and 
cholesterol to dry weight goes up significantly (see Table 2). 
This is to be expected since egg and sperm production take place 
.. , I 
late in the season. 
The percent of both total lipid and especially cholesterol 
(Table 2) is lower for Aurelia than Chrysaora. This is probably 











The dry weight (Table 2) of Chrysaora seems to decrease 
as the season progr~sses, but data on this are meager. If it is 
indeed a trend, it might indicate that the jellyfish do.not feed 
much later in the season, utilizing their organic solids for energy, 
and for egg and sperm production. This is also consistent with 
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CHOLESTEROL IN JELLYFISHES 
-· Chrysa ora % Dry Wt. 
'P),, 
my lipid/gm % lipid mg· chol. / gm % Chol Chol 
(dry wt.) (dry wt.) % lipid 
-;'/) 25.0 3. 72 14.9 
Ware River d 2.06 24.0 2.45 3.61 0.37 15.05 
31.0 3.10 3.37 10.9 
Ware River 9 2.13 26.0 2.60 3.42 0 .40 13.15 
Annapolis d 1.43 36.0 3.60 4.35 0.44 12.1 
Annapolis 9 1.24 34.0 3.40 4. 54 0.45 13.35 
Red phased 2.97 23.0 2.30 3.85 0.39 16.7 
Red phase 9 2.76 30.0 3.00 .i?.• 80 0.28 9.34 
Gonad cJ 5.48 60.0 6.00 7.56 0.76 12.6 
·Gonad 9 4.61 55.0 5.50 6.92 0.69 12.6 
( 
'.Lcntacles 4.62 41.0 4.10 9.00 0.90 21.9 
Oral arms 2.92 25.0 2.50 4.48 0.45 17.9 
Polyps - ·approx. 6 
Aurelia, 
Ware River d 1.67 24.0 2.40 0.894 0.09 . 3. 72 
Ware River 9 1.57 14.0 1.40 0.936 0.09 6.69 
Planulae - approx 11 150.0 15.00 12.9 0.13 8.60 
Chrysaora % Lipid .% Chol. .. (dry wt)/% Dry Wt . (dry wt)/% Dry Wt 
York River d 0.77 0.13 
York River 9 1.09 0.10 
Ware River cJ. " 1.19 0.18 
Ware River 9 1.34 0.19 
,..,1:napolis cJ 2.51 0.31 
Annapolis 9 "2.74 0.36 
58 
TABLE 2 
,TarAL FREE CHOLESTEROL 
Fraction I 512.5 mg:: 2.5 mg 
I (16) 6.88 mg:: 0.05 mg 
I (17) 400.5 mg± 3.5 mg 
Fraction II 166.25 mg~ 1.75 mg 
Fraction III 30 .1 mg ~ 0 _.1 mg 




LIPID COMPONENTS SEPARATED BY SILICIC ACID COLUMN CHROM. 
Fraction Wt. ·mg. - Fraction wt. mg. 
1 15 11 11 
2 <l 12 55 
3 20 13 7 
4 4 14 18 
5 3 15 1 
6 <l 16 53 
7 <l 17 471 
I• ,l,.• 
8 5 18 26 
9 5 19 14 
10 5 20 13 
l- 1--
;J... 01,, 
3-) '-I . ;;-., '1' •/, 
,.:; - "" -=t,'l. 
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Kenneth L. Webb 
I. Amino Acids of Jellyfish. 
A number of samples of free amino acids f.rom the gonads 
of Cyanea have been run but for the most part the data have not 
been compiled. Nothing appears out of the ordinary for Cyanea 
compared to Chrysaora at a glance. 
Techniques have been worked out fairly successfully for 
sample preparation, thin layer chromatography and for visualization 
of ninhydrin positive spots (differentiating between phosphorous-
containing and other amino acids including taurine) using either 
a tissue extract or a fraction collected from the amino acid 
analyzer as the starting material. Identification of some of 
the unknown major ninhydrin positive materials (largely ~mino 
acids) in jellyfish will now be attacked with success partly 
being a matter of luck. 
II. Determination of Iodine in Jellyfish Tissues. 
The Hycel dry ash method of determining protein-bound 
iodine has been applied to the determination of total iodine in 
jellyfish polyps. It appears that we are getting good recovery 
values for known quantities of inorganic iodine added to jelly~ . . 
fish tissue. Data (considered preliminary because of lack of 
complete faith in the method) indicate'that non-strobilating 
Chrysaora polyps contain about 0,06 ug I/polyp and that non-
strobilating Aurelia polyps contain sqmething less than 0.002 ug/polyp 
62 
(the_ limit of the ability to detect iodine with this method 
using the number of polyps available). 
Unavailability of material limited· the program 
(as well as other factor~) but we appear to be in the position. 
to apply the.method. 
The above Chrysaora data are in some agreement with 
those presented in the Cargo quarterly report for May and June 
1969 (page 6) which seem to indicate that a non-strobilating 
Chrysaora polyp would contain 0.03 _ug iodine. 
· III. Salinity-temperature Relationships in Planula and Polyp 
Development. 
,. 
During the period covered in this re.port, the fallowing 
four experiments were completed: 
69-4. The effect of salinity and falling temperature 
on activity and development of Chrysaora polyps. 
69-5. The effect of salinity and falling temperature on 
activity and development of Aurelia polyps. 
70-1. The effect of salinity and rising temperature on 
excystment in Chrysaora. 
70-2. The effect of_ temperature and salinity on setting 
of Cyanea planulae, at temperatures of 10 and.25° c. 
·A detailed report of each of these experiments is presented 
below. 
As of 31 March two additional experiments were 
being set µp. 
70-3. The effect of crowding on setting of Cyanea 
planulae. 
63 
70-4. The effect of temperature and salinity on setting 
of Cyanea planulae, at temperatures of 10, 15, and 20° c. 
These two experiments will be discussed in the next progress 
report. 
Experiment 69-4. The effect of salinity and falling temperature 
on activity and development of Chrysaora polyps. 
Experiment 69-5. The effect of salinity and falling temperatu're 
on activity and development of Aurelia polyps. 
An introduction, description of materials and methods, 
and a report on preliminary results of these two experiments w~re 
included in the progress report covering the period 1 July to 
31 December 1969. Therefore, only final results and conclusions 
are presented here. 
Results. 
A summary of Chrysaora polyp survival at each s~linity 
under experimental and control temperature conditions is presented 
in Table 69-4-1. In both groups survival was good at salinities 
of 5-40 ppt. In the control group ~nd in the experimental group 
at temperatures down to 5° C, total numbers of polyps changed 
due to mortality and excystment, but the changes were slight. 
After one week at 0°C, polyps had died at 5 ppt, leaving cysts 
that had been formed at higher temperatures. Some mortality 
also occurred at 10,and 40 ppt. After two weeks at 0° many 
polyps had died at all salinities, but survival was best at 
salinities of 20-30 ppt. 
Table 69-4-2 summarizes counts of stolons produced at 
each salinity under experimental and control temperatures. 
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New podo9ysts are formed through stolon production, and since 
it would be impossible to distinguish new.podocysts from older 
ones, a count of stolons present is an indication of asexual 
reproduction through podocyst formation. V~ry few buds were 
formed by Chrysaora'polyps in this experiment, and it seems 
likely that podocyst formation is the chief means of asexual 
reproduction of polyps in this species. Stolons were formed 
in the experimental group at temperatures down to 10° C, and at 
salinities of 15-35 ppt, while in the control group stolons 
were found at salinities of 10-40 ppt. An interruption in the 
light cycle accompanied by a 3.5° increase in temperature 
in the control group on 4-5 February resulted in a large 
,,;·, 
increase in the number of stolons formed during the week of 
2-9 February. As of 16 February, the number of stolons present 
was still unusually high. 
At temperatures down to 15° polyps were active, tentacles 
.were extended and feeding behavior was observed. At 10° the 
tentacles and the whole body of the polyps along the oral-
aboral axis were contracted, and no activity or feeding behavior 
was observed. At 5° some polyps at 5 ppt were degenerating or 
deformed. 
Strobilatiorr in Chrysaora occurred only twice during 
q 
the course of the experiment. Both strobilae were found on day 42 
at 30 ppt in the control group. 
Survival in Aurelia polyps is summarized in Table 69-5-1. 
No great reduction in num~ers occurred in the control group or 
at temperatures down to 5° in the experimental group at 
salinities of 10-40 ppt. After one week at 0° almost all of the 
65 
polyps at 10 ppt had died but most were still alive at 15-40 ppt. 
After two weeks at OP all Aurelia polyps were dead. 
Very few stolons and no podocysts were formed by Aurelia 
polyps during this experiment. Budding, which seems to be the 
most important means of asexual reproduction of polyps in this 
species, occurred in both the experimental and the control group 
at salinities of 10-40 ppt, and at temperatures in the experimental 
group down to 5° C, according to the data presented in Table 
69-5-2. However, the one bud found at 10 ppt at 5° was probably 
one of .the two buds counted at 10 ° the pFevious week. The inter-
ruption in the light and temperature cycles mentioned above in' 
reference to Chrysaora resulted in a large inc,rease in the number 
of buds produced in Aurelia during the week of 2-9 February. This 
contributed to a considerable increase in the total polyp popu-
lation by 16 February. 
Strobilation occurred in Aurelia in the control group 
at salinities of 10-40 ppt and in the experimental group at 
salinities of 10-30 ppt and temperatures down to 5° C, acqording 
to data presented in Table 69-5-3. Again, it is likely that the 
one strobila found at 5° and 10 ppt had been formed at higher 
temperatures and had not been able to complete the strobilation 
process at 5°. Per cent strobilation, calculated as 100 times 
the total number of strobilae at each salinity divided by the 
total number of po·lyps counted for day O to day 42 at that 
salinity, was greatest at salinities of 20-30 ppt in the control 




Like the Chrysaora polyps, Aurelia polyps at 10° were 
in a contracted state. Only those at 10 ppt were responsive to 
touch, and brine shrimp touching the tentacles of any of the 
polyps were unharmed. At 10 ppt, however, polyps were relaxed, 
and two.buds and two strobilae were found. Very few polyps at 
10° were attached to the bottom of the compartments, and none 
were attached to the sides or the surface film. At 5° polyps 
were more contracted, and none were attached. No polyp activity 
was observed at 5° or 0°. 
Summary 
From these experiments the following conclusions may be . d: ·. 
drawn about polyps under laboratory conditions·: 
1. Some Chrysaora polyps can survive at salinities of 
5-40 ppt at temperatures down to 5° C, and at salinities of 
10-40 ppt at temperatures of 0° for at least two weeks. Survival 
is best at salinities of ·20-30 ppt. 
2. Aurelia polyps can survive at salinities of 10-40 ppt 
at temperatures down to 5° C, and at salinities of 15-40 ppt 
at 0° for one week, but not for two weeks. 
3. In Chrysaora, feeding behavior and polyp movement 
continue a.:= temperatures down to 15°, but- are not found at 
10°. Stolon formation occurs at salinities of 15-35 ppt at 
experimental temperatures down to 10° C, and at salinities of 
10-40 ppt at control temperatures of 25°. At 25° the optimum 
salinity range for stolon formation is 20-30 ppt. 
4. In Aurelia, feeding behavior is found at temperatures 
down to 15°, and activity is still present in polyps at 10° 
67 
and 10 ppt, but not at higher or lower salinities. At 5 ° 
all activity ceased, and no polyps were attached. Budding 
occurred at salinities of 10-40 ppt and at temperatures down 
to 10°. Strobilation occurred at salinities of 10-40 ppt and 
at temperatures down to 10°. 
Comments. 
Future experiments dealing with the effects of salinity 
and falling temperature on polyps will be concentrated on 
establishing more precisely the range of salinity and tempera-
ture at which polyps survive and are active. The sharp increase 
in number of buds and stolons formed after a slight rise in .. 
,l,. 
temperature and interruption in the light cycle suggests that 
interesting results may be obtained from experiments on the 
effects of sudden changes in temperature and interruptions in 
the photoperiod. 
The data of experiments 69-4 and 69-5 will be used 
for a paper at the forthcoming Virginia Academy of Science 
meeting ~n Richmond on 7-8 May. The data will be presented as 
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Experiment 70-1. The effect of salinity and rising temperature 
on excystment in Chr'ysaora. 
Introduction. 
When Chrysaora polyps were selected for experiment 69-4, 
podocysts were attached to the bases of the polyps. These 
were not removed, because this operation would have involved 
cutting the base of the polyps. ·During the course of the 
experiment, additional.podocysts were formed at temperatures 
down to 10° and at salinities of 10-40 ppt. These podocysts 
together with the polyps were subjected to temperatures as lo~ 
as 0° C, at which some of the polyps died. The ability of the 
d: ·. 
cysts to survive longer than the polyps at low-temperatures would 
be a means of survival during adverse winter conditions. These 
podocysts, therefore, were subjected to rising temperatures to 
see whether and at what temperature they would give rise to 
polyps. 
Materials and methods. 
The eighteen compartments of one box were each filled 
with 50 ml of artificial sea water at salinities of 0-40 ppt at 
5 ppt increments. Salinities occurred twice each and were 
randomly distributed among the compartments of the box. Cysts 
were dissected from polyps of the experimental group of 
experiment 69-4, and 10 cysts were put into each compartment, 
at the salinity from which they had been take~. No polyps had 
survived at O ppt in experiment 69-4, therefore no podocystp 
were available at that salinity. Podocysts had been exposed 
to 0° C for three weeks. After that the temperature was 
,-j 
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raised 5° at weekly intervals, and the number of polyps 
present after one week at each temperature was recorded for 
each salinity. Maximum temperature was 25° c. 
Results. 
A summary of polyp counts each week at each salinity 
is given in Table 70-1-1. No polyps appeared until day 28, when 
water temperature had reached 20°c. A total of 20 polyps had 
been formed by that day at salinities of 15-30 ppt. By day 
35, when the temperature had reached 25 °, ~ total of 59 polyps 
had been formed at salinities-of 10-35 ppt. By day 35 two 
stolons had been formed at 10 ppt, one at 15 ppt and one at 
.1'.·. 
25 ppt. One prestrobila was formed at 15 ppt. 
Conclusions. 
It may be concluded from this experiment that the forma-
tion of polyps from cysts in Chrysaora occurs between the tempera-
ture of 15 and 20 ° c, and that strobilation and stolon formation 
begin between 20 and 25° C. This information supports the 
observations of Cargo and Schultz (1967) who reported that 
excystment occurs between 15 and 18° C, and of Cones (1969) who 
reported that strobilation begins at 20°C. The salinity range 
·of 10-35 ppt for excystment is of interest in consideration of 
the report by Cargo and Schultz (1966) that most polyps die and 
others encyst at salinities of 5 ppt and lower or 25 ppt and 
above. 
Experiment 70-2. The effect of temperature and salinity on 
setting of Cyanea planulae at temperatures of 10 and 25° c. 
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Introduction. 
The medusa stage of Cyanea capillata is abundant in the 
Chesapeake Bay and some of its tributaries during the months of 
late winter and spring. Planulae are produced during the latter 
part of March when the water temperature is 8-9° C, to the 
latter part of May when the medusae die out as the water tempera-
ture reaches 20° C. A series of experiments was designed to 
determine whether setting of the planulae takes place over this 
entire temperature range or even beyond it. A maximum of 
three temperatures can be tested at any ·one time, so the entire 
series of experiments will take several months. This experiment 
was set up to determine the effects of salinity on setting at 
10 and 25°C. 
Material and methods. 
Cyanea medusae were collected at the York River Yacht 
Haven on 6 February (water temperature= 3.1 C) and were held . 
. 
in a bucket of York River water in a controlled temperature 
incubator set at l0°C. Planulae were present on the oral arms 
of one medusa by 6 March and were transferred to a covered 
preparation dish of artificial sea water at 20 ppt and left at 10° 
until the planulae had reached the free swirruning stage. Four 
boxes were set up with 50 ml of artificial sea water in each 
compartment. Salinity was 0-40 ppt at 5 ppt increments, ~andomly 
distributed among the compartments. In two of the boxes planulae 
were subjected suddenly to experimental salinities as they were 
put into the compartments. In the other two boxes the salinity 
-) 
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was changed gradually at the rate of 5 ppt per day until experi-
mental salinity levels were reached. 25 planulae were put into 
each compartment, then two of the boxes, one in which the salinity 
was changed gradually and one in which the planulae were subjected 
suddenly to experimental salinities, were trans,ferred to 25 °, 
while the other two boxes were left at 10°. When.setting had 
begun, daily counts were made o~ the .number of planulae, larval 
cysts and polyps in each compartment. When polyps had developed, 
they were fed twice a week on newly hatched Artemia nauplii, 
and the water was filtered to remove the dead brine shrimp, but 
the water was not changed, for fear of losing some of the still 
free swimming planulae. . I· ,!, . 
Results. 
A summary of the total number of planulae, larval 
cysts and polyps counted each day through 31 March is given in 
Table 70-2-1. Daily counts summarized by salinity are given . 
on the following pages. · 
No larval cysts were present until day 4, and the first 
count was made on that-day. By day 5 planulae had died at 0-10 
ppt and at 40 ppt in the boxes in which they were suddenly 
subjected to experimental salinities. In the boxes in which they 
gradually acclimated the salinity range at which the planulae 
survived was extended 5 ppt at both ends. 
At 10° setting occurred sooner at higher salinities, 
but no similar trend took place at 25°: At 10° the number 
of .cysts increased to a maximum on day 6, when the first polyp 
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developed. Thereafter the numbers of planulae and larval cysts 
gradually declined, while the number of polyps increased. Setting 
occurred at 10-40 ppt in the gradually acclimated box, and polyp 
development occurred in,both_boxes at 15-35 ppt. 
At 25° setting occurred at all salinities at which 
planulae survived. By day ll planulae and larval cysts had died 
at lO ppt. No polyp development occurred at 25°, and the number 
of planulae gradually declined as the number of cysts increased. 
At both lO and 25° the total of planulae, larval cysts and 




· The following preliminary conclusions may be drawn 
from this experiment: 
l. If they are subjected to gradually changing salinity 
levels, Cyanea planulae can survive at salinities of l0~40 ppt 
at 10° C and at salinities of 15-40 ppt at 25°C. 
2. At 10° and 25° setting occurs at any salinity at 
which planulae survive. 
3. No polyp development occurs at 25 °, but at l0·0 
polyps develop at salinities of 15-35 ppt within eight days. 
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Number of Chrysaora polyps counted at each salinity under 
experimental and control conditions - 69-4. 
TABLE 69-4-1 
Date Temp. Salinity %'o 
oc 0 5 10 15 20 25 30 35 
Ex2erimental 
31 Oct. 25 ° 270 
19-25 Nov. 25 ° 461 
11 Dec. 25 ° 470 
Day 0 5 Jan. 25 ° 0 49 48 60 52 52 46 38 
7 12 Jan. 20 ° 0 44 47 54 49 52 50 38 
14 19 Jan. 15 ° 0 42 44 52 47 49 50 35 
21 26 Jan. 10° 0 45 49 . 53 . 52 50 54 30 
28 2 Feb. 50 0 35 44 48 47 51 52 39 
35 9 Feb. 0 0 0 0 0 21 50 49 37 




31 Oct. 25 ° 270 
19-25 Nov. 25° 453 
11 Dec. 25 ° 420 
Day 0 5 Jan. 25 ° 0 53 42 40 64 46 57 43 
7 *12 Jan. 25 ° 
14 19 Jan. 25° 0 33 43 28 62 44 61 46 
21 26 Jan. 25 ° 0 40 40 23 51 47 60 40 
28 2 Feb. 25° 0 37 39 26 58 48 58 44 
35 9 Feb. 25 ° 0 29 39 25 26 51 57 43 
42 16 Feb. 25° 0 31 40 31 60 50 61 43 






















Number of Chrysaora stolons counted at each salinity 
under experimental and control conditions, 69-4. 
TABLE 69-4-2 
Date TE;mp. Salinity %'a 
oc 0 5 10 15 20 25 30 
Ex:eerimental· 
31 Oct.-!: 25° 
19-25 Nov. 25° 5 
11 Dec. 25° 3 
Day 0 5 Jan. 25° 0 0 0 1 0 0 0 
7 12 Jan. 20° 0 0 0 1 1 1 1 
14 19 Jan. 15 ° 0 0 0 0 0 2 0 
21 26 Jan. 10° 0 0 0 0 0 2 1 
28 2 Feb. 50 0 0 0 0 0 0 0 
35 9 Feb. oo 0 0 0 0. 0 0 0 
42 16 Feb. oo 0 0 0 0 0 0 0 
z· day 0-42 0 0 0 2 1 H• 5 2 
Control 
31 Oct·.~·: 25° 
19-25 Nov. 25° 20 
11 Dec. 25° 3 
Day 0 5 Jan. 25 ° 0 0 0 1 0 0 1 
7 12 Jan.* 25° 
14 19 Jan. 25° 0 0 3 1 1 4 3 
21 26 Jan. 25° 0 0 0 0 0 2 0 
28 2 Feb. 25° 0 0 0 0 1 0 1 
35 9 Feb. 25° 0 0 2 4 13 11 18 
42 16 Feb. 25° 0 0 5 3 6 9 7 
z day 0-42 0 0 10 9 21 26 30 






0 0 1 
0 0 4 
1 0 3 
0 0 3 
0 0 0 
0 0 0 




1 0 3 
0 1 13 
1 0 3 
1 0 3 
5 0 53 
4 7 41 
12. 8 
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Number of Aurelia polyps counted at each salinity under 
experimental and control conditions - 69-5 
TABLE 69-5-1 
Salinity oo 
Date Temp. 0 5 10 15 20 25 30 35 
oc 
Experimental 
31 Oct. 25° 270 
19-25 Nov. 25° 456 
11 Dec. 25° 854 
Day 0 5 Jan. 25° 0 19 97 .86 64 109 100 104 
7 12 Jan. 20 ° 0 0 95 91 64 100 90 83 
14 19 Jan. 15 ° 0 0 90 90 74 111 90 80 
21 26 Jan. 10° 0 0 90 90 69 99 94 86 
28 2 Feb. 50 0 0 ·90 94 67 96 95 83 
35 9 Feb. oo 0 0 1 93 70 99 80 63 
. 42 16 Feb. oo 0 0 0. . 0 0 0 0 0 
i: day 0-42 0 19 463 544 408 614 549 499 
Control 
31 Oct. 25° 270 
19-25 Nov. 25° 474 
11 Dec. 25° 735 
Day 0 5 Jan. 25 ° 0 0 55 64 107 72 81 72 
7. ~·,12 Jan. 25° 
14 19 Jan. 25 ° 0 0 69 91 119 70 89 73 
21 26 Jan. 25° 0 0 64 82 136 66 82 60 
28 2 Feb. 25° 0 0 56 92 122 69 82 56 
35 9 Feb. 25 ° 0 0 65 .98 133 78 80 43 
42 16 Feb.- 25 ° 0 0 69 133 155 104 72 73 
i: Day 0-42 0 0 378 560 772 459 506 377 

























Number of Aurelia buds counted at each salinity under 
experimental and control conditions - 69-5 
TABLE 69-5-2 
Saliniti oo 
Date Temp. ·o 5 10 15 20 25 30 35 40 
oc 
ExEerimental 
31 Oct.~'\: 25 ° -
19-25 Nov. 25° 2 2 
11 Dec. 25 ° 30 30 
Day 0 5 Jan. 25 ° 0 0 2 l 0 0 0 3 0 6 
7 12 Jan. 20 ° 0 0 2 2 3 0 0 1 l 9 
14 19 Jan. 15 ° 0 0 1 l 0 0 0 0 0 2 
21 26 Jan. . 10 ° 0 0 2 0 0 0 0 0 0 2 
28 2 Feb. 50 0 0 1 0 0 O· 0 0 0 1 
35 9 Feb. oo 0 0 0 0 0 0 0 0 0 0 
42 16 Feb. oo 0 0 0 0 0 0 0 0 0 0 




31 Oct.* 25 ° 
19-25 Nov. 25 ° 9 9 
11 Dec. 25 ° 16 16 
Day 0 5 Jan. 25° 4 2 2 2 10 
7 12 Jan.* 25 ° 
14 19 Jan. 25 ° 0 0 4 3 8 0 6 2 0 23 
21 26 Jan. 25° 0 0 2 2 l 0 1 2 0 8 
28 2 F.eb. 25° 0 0 3 0 l 0 0 2 l 7 
35 9 Feb. 25 ° 0 0 10 18 14 8 11 12 0 73 
42 16 Feb. 25 ° 0 0 0 l 5 3 1 0 0 10 
i: day 0-42 0 0 23 24 31 1.l 21 20 1 
* Not counted 
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Strobilation in Aurelia under experimental 
and control conditions, 69-5. 
TABLE 69-5-3 
Salin:i,ty oo 
Date Temp. 0 5 10 15. 20 25 30 35 40 
oc 
~) ExEerimental 
Oct. 25° 0 0 
19-25 Nov. 25° 12 12 
11 Dec. 25 ° 18 18 
Day 0 5 Jan. 25° 0 0 3 0 0 2 1 0 0 6 
7 12 Jan. 20 ° 0 0 3 0 0 2 0 0 0 5 
14 19 Jan. 15° 0 0 1 0 0 1 0 0 0 2 
21 26 Jan. 10° 0 0 2 0 0 0 0 0 0 2 
28 2 Feb. 50 0 0 1 0 0 0 0 0 0 l 
35 9 Feb. 0 0 0 0 0 0 0 0 0 0 0 
42 16 Feb. 0 0 0 0 0 0 \. ,\ .. 0 0 0 0 0 
i: day 0-42 0 0 10 0 0 5 l 0 0 16 
Control 
31 Oct. 25 ° 0 0 
19-25 Nov. 25 ° 19 19 
11 Dec. 25 ° 10 10 
Day 0 5 Jan. 25 ° 0 0 1· 0 1 0 1 1 0 4 
7 12 Jan. -1: 25 ° 
14 19 Jan. 25° 0 0 1 1 4 3 1 0 0 10 
21 26 Jan. 25 ° 0 0 0 1 3 3 1 0 l 9 
28 2 Feb. 25° 0 0 0 1 2 2 3 0 0 8 
35 9 Feb. 25 ° 0 0 0 0 2 1 4 0 0 ·7 
42 16 Feb. 25 ° 0 0 0 1 5 .3 1 0 0 10 
i: day 0-42 0 0 2 4 17 12 11 1 1 48 




Number of polyps counted at each salinity after one 
week at given temperatures. 
Date Temp. 0 5 10 15 20 25 30 35 
oc 
Day 0 23 Feb. O· 0 0 0 0 0 0 0 0 
7 2 Mar. 5 0 0 ·O ·O 0 0 0 0 
14 9 Mar. lO 0 0 0 0 0 0 0 0 
21 16 Mar. l5 0 0 0 0 0 0 0 0 
28 23 Mar. 20 0 0 0 6 9 3 2 0 






































Total numbers of Cyanea planulae, larval cysts 
and polyps counted each day. 
10°c (A + B) 25°C (C + D) 
Plan Cyst Polyp L Plan Cyst_ Polyp 
900 0 0 900 900 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
209 381 0 590 336 178 0 
185 393 0 578 288 211 ·O 
164 399 1 564 ·261 230 0 
151 384 17 552 248 237 0 
84 357 56 497 215 258 0 
124 350 65 539 216 246 0 
114 347 90 . 551 210 ,. 250 0 
107 342 108 557 181 260 0 
87 334 107 528 175 261 0 
60 308 123 491 165. 271 0 
52 302 133 487 145 295 0 
5 312 133 450 101 277 0 
32 294 142 468 120 275 0 
31 283 155 469 113 298 0 
22 287 163 472 106 296 0 
17 289 168 474 86 301 ·o 
2 298 174 474 78 298 0 
2 299 l.81 482. 74. 301 0 
3 283 154 440 82 278 0 
3 283 162 448 73 290 0 
3 285 162 450 65 306 O· 
L 
. 900 
514 
499 
491 
485 . 
473 
462 
460 
441 
436 
436 
440 
378 
395 
411 
402 
387 
376 
375 
360 
363 
371 
